The tetragonal phase of Fe 1+ Se (0.01 ≤  ≤ 0.04) with the anti-PbO-type crystal structure displays superconductivity (T c ~ 8.5 K) when  = 0.01 and the superconductivity is destroyed by additional interstitial Fe. 9 The compound bears close structural resemblance to LiFeAs 10 (both compounds contain FeQ 4 (Q = Se, As) tetrahedra that are highly compressed in the basal plane compared with other iron-based superconductors) and both compounds differ from the canonical iron-based superconducting system in that they superconduct when as close to stoichiometric as possible (i. The lithium/ammonia solutions were rapidly decolourised by Fe 1+ Se at -78 °C. This is consistent either with the classic method for decomposing the metastable solution of solvated electrons using a "rusty nail" as a catalyst for the formation of lithium amide and hydrogen, or it indicates. Donation of the solvated electrons from the alkali metal ammonia solution to empty bands in the solid with Li ions co-inserted to balance the charge in a reductive intercalation reaction. The product was a black powder with a much finer grain size than the parent Fe 1+ Se material. The products were extremely air sensitive. X-ray powder diffraction (XRPD) showed no evidence for the starting material or other products above the 5% level and the diffraction peaks were indexed on a body centred tetragonal unit cell with lattice parameters a = 3.8249(2) Å and c = 16.5266(9) Å at room temperature. The basal lattice parameter, a (= √2 × Fe-Fe distance) is 1.4% larger than the value of 3.7734(1) Å reported for Fe 1.01 Se. 9 The c lattice parameter of 16.5266 (9) Neutron powder diffraction (NPD) patterns were collected from samples synthesised using 0.5 moles of Li per mole of FeSe with either NH 3 or ND 3 as solvent. The XRPD patterns of these products were similar, but their NPD patterns were dramatically different (the intensities varied greatly between the two compounds because of the greatly different neutron scattering lengths for H (-3.74 fm) and D (+6.67 fm), and the H-containing material produced a characteristic incoherent background) proving that the samples contain H(D). A structural model was obtained from the deuterated sample by starting from the model suggested by the X-ray refinements with N in the site 8-coordinate by Se and computing Fourier difference maps to reveal the remaining nuclear scattering density. Refinements against data from the GEM diffractometer at room temperature and the HRPD diffractometer at 8 K on the same sample of deuterated material produced similar structural models at the two temperatures. The initial assumption of a formula (LiND 2 )Fe 2 Se 2 resulted in an apparently satisfactory fit to the low temperature HRPD data (which emphasises the short d-spacing data) using a model in which the D atoms were located on crystallographic positions (16m site: (x, x, z)) which refined freely to be about 1 Å from the N atom (2a site: (0, 0, 0)) and with the N-D bonds directed towards the selenide anions. In this initial model the D site had a site occupancy fixed at one quarter resulting in one ND 2 moiety per square prismatic site. Li ions were located at sites (0, ½, 0) (4c site) between the ND 2 moieties but with very large displacement ellipsoids suggestive of disorder in the intercalant. This model proved unsatisfactory when the ambient temperature GEM data were investigated. In particular the 002 reflection which accidently has zero intensity in the deuterated material could only be modelled accurately when further D atoms were included in the 8i sites (x, 0, 0) in the same plane as the N atoms and which freely refined to be about 1 Å from the N atom.
The tetragonal phase of Fe 1+ Se (0.01 ≤  ≤ 0.04) with the anti-PbO-type crystal structure displays superconductivity (T c ~ 8.5 K) when  = 0.01 and the superconductivity is destroyed by additional interstitial Fe. 9 The compound bears close structural resemblance to LiFeAs 10 (both compounds contain FeQ 4 (Q = Se, As) tetrahedra that are highly compressed in the basal plane compared with other iron-based superconductors) and both compounds differ from the canonical iron-based superconducting system in that they superconduct when as close to stoichiometric as possible (i.e. when they formally contain Fe 2+ ) and do not require chemical substitution to drive them away from the itinerant antiferromagnetic state into the superconducting regime (compare, for example LnFeAsO, 1 BaFe 2 As 2 6 and NaFeAs
11
)
. Under an applied hydrostatic pressure the T c of Fe 1.01 Se increases to 37 K at 7 GPa. 12, 13 Fe 1+ Se seems less inviting than the arsenide systems in terms of chemical flexibility. For example as part of this work we attempted to insert Li using excess n-BuLi in hexane at room temperature but this results in the reduction of iron to the elemental state with formation of Li 2 Se and Fe as the only crystalline products. Relatives of Fe 1+ Se in which alkali metals separate the layers are the subject of much recent research and remain controversial. The lack of much redox flexibility in these iron selenide systems synthesised at high temperatures is underlined by the fact that the compositions are close to the "245" stoichiometry of K 0.8 Fe 1.6 Se 2 (with a highly defective variant of the ThCr 2 Si 2 structure) where Fe is again formally divalent. These systems are characterised by a Fe/vacancy ordered 14 antiferromagnetic state which appears not to support superconductivity and differs from the antiferromagnetic state of the iron arsenide parent systems in that the magnetic structure 15 is related to the iron/vacancy ordering scheme and the ordered moment localised on Fe is around 3.4  B 15 as opposed to < 1 B in the arsenides. The crystal structures of these phases close to K 0.8 Fe 1.6 Se 2 are complex and there is reported evidence for coexistence of regions with different Fe/vacancy ratios and different ordering schemes in the same sample. 16 Phases of this type with variously reported compositions show bulk superconductivity, although this is often difficult to reproduce 14 The lithium/ammonia solutions were rapidly decolourised by Fe 1+ Se at -78 °C. This is consistent either with the classic method for decomposing the metastable solution of solvated electrons using a "rusty nail" as a catalyst for the formation of lithium amide and hydrogen, or it indicates. Donation of the solvated electrons from the alkali metal ammonia solution to empty bands in the solid with Li ions co-inserted to balance the charge in a reductive intercalation reaction. The product was a black powder with a much finer grain size than the parent Fe 1+ Se material. The products were extremely air sensitive. X-ray powder diffraction (XRPD) showed no evidence for the starting material or other products above the 5% level and the diffraction peaks were indexed on a body centred tetragonal unit cell with lattice parameters a = 3.8249 (2) Neutron powder diffraction (NPD) patterns were collected from samples synthesised using 0.5 moles of Li per mole of FeSe with either NH 3 or ND 3 as solvent. The XRPD patterns of these products were similar, but their NPD patterns were dramatically different (the intensities varied greatly between the two compounds because of the greatly different neutron scattering lengths for H (-3.74 fm) and D (+6.67 fm), and the H-containing material produced a characteristic incoherent background) proving that the samples contain H(D). A structural model was obtained from the deuterated sample by starting from the model suggested by the X-ray refinements with N in the site 8-coordinate by Se and computing Fourier difference maps to reveal the remaining nuclear scattering density. Refinements against data from the GEM diffractometer at room temperature and the HRPD diffractometer at 8 K on the same sample of deuterated material produced similar structural models at the two temperatures. The initial assumption of a formula (LiND 2 )Fe 2 Se 2 resulted in an apparently satisfactory fit to the low temperature HRPD data (which emphasises the short d-spacing data) using a model in which the D atoms were located on crystallographic positions (16m site: (x, x, z)) which refined freely to be about 1 Å from the N atom (2a site: (0, 0, 0)) and with the N-D bonds directed towards the selenide anions. In this initial model the D site had a site occupancy fixed at one quarter resulting in one ND 2 moiety per square prismatic site. Li ions were located at sites (0, ½, 0) (4c site) between the ND 2 moieties but with very large displacement ellipsoids suggestive of disorder in the intercalant. This model proved unsatisfactory when the ambient temperature GEM data were investigated. In particular the 002 reflection which accidently has zero intensity in the deuterated material could only be modelled accurately when further D atoms were included in the 8i sites (x, 0, 0) in the same plane as the N atoms and which freely refined to be about 1 Å from the N atom.
Further Li was located at the 2b site (0, 0, ½ Re-examination of the HRPD data collected at 8 K resulted in a significant improvement in the fit when ND 3 was accommodated in place of some LiND 2 and the refined composition at 8 K using HRPD data was similar to that obtained from the refinement against GEM data at 298 K with some redistribution of Li. The final model is shown in Figure 1 17 The crystal structure obtained from the refinement against NPD data is shown in Figure 1 and the Rietveld fits are shown in Figure 2 . We have used muon-spin rotation (μSR) to measure the increase in B rms , the rms width of the magnetic field distribution, due to the development of the superconducting vortex lattice below T c . These results suggest a superconducting volume fraction in the range 40-50 % for the sample which shows the smallest volume fraction in the magnetic susceptibility measurements (Figure 3 ). Figure 4 (a) shows B rms as a function of temperature measured using a transverse field of 10 mT and the fitted curve is the result of three contributions (dashed lines) summed in quadrature, a temperatureindependent normal-state contribution and two temperature-dependent contributions which account for the effect of superconductivity (and is similar to the two-gap behavior observed in , holding the temperature for 24 hours, cooling at 4°C min -1 to 400 °C and holding this temperature for24 hours before quenching the sample in water.
To synthesise the intercalates, FeSe and an amount of Li metal (Alrich 99 %) corresponding to the stoichiometry Li 0.5 FeSe was placed in a Schlenk tube with a magnetic stirrer. This vessel and a cylinder of ammonia (BOC 99.98 %) were attached to a Schlenk line equipped with a mercury manometer. The Schlenk tube and the pipework extending to the regulator (previously flushed with ammonia) attached to the ammonia cylinder were evacuated. The Schlenk tube was placed in a bath of dry ice/ isopropanol (-78 °C) and when cooled, the Schlenk line was isolated from the vacuum pump. The valves on the ammonia cylinder and regulator were then opened allowing ammonia to condense onto the reactants. The ammonia pressure in the line was monitored using the mercury manometer and did not exceed 1 atm during the condensation process. When working on the 2 g scale approximately 50 cm 3 of NH 3 were condensed and the ammonia cylinder and regulator were then closed. The solution was observed to turn blue characteristic of solvated electrons but after about 30 minutes of stirring at -78 °C the blue colour was not evident. The Schlenk tube was allowed to warm with the slush bath and the ammonia and any evolved gases were allowed to evaporate out through the mercury manometer. A similar procedure was adopted when ND 3 was used except that the more valuable ND 3 was recondensed into its storage vessel as it evaporated from the reaction vessel.
Structural characterisation. Laboratory X-ray powder diffraction measurements (XRPD) were made using a Philips PW1730 (CuK  /K  ) or a Panalytical X'pert PRO instrument (CuK  ) radiation. Neutron powder diffraction measurements on both hydrogen and deuterium containing compounds were made using the time of flight diffractometer HRPD (ambient temperature and 8 K) and the GEM diffractometer (ambient temperature) at the ISIS facility, Rutherford Appleton Laboratory, UK. On HRPD the samples were cooled in a closed cycle refrigerator. The samples were contained in 6mm diameter thin-walled vanadium cans which were sealed with indium gaskets.
Magnetometry. Magnetic susceptibility measurements were conducted using a Quantum Design MPMS-XL SQUID magnetometer. The powder samples of about 10 mg in mass were immobilized in gelatin capsules. Measurements were made in DC fields of 20 − 50 Oe in the temperature range 2 -300 K after cooling in zero applied field (zero-field-cooled: ZFC) and in the measuring field (fieldcooled: FC).
Muon-spin rotation spectroscopy. The μSR experiments were carried out at the ISIS Pulsed Muon Facility, UK. In a μSR experiment, spin-polarized muons are implanted in the bulk of a material and the time-dependence of their polarization monitored by recording the angular distribution of the subsequent positron decay. A sample of 0.5-1.0 g was packed into a square Ag-foil packet (2 cm square, ~25 μm foil thickness), then crimped tightly closed, and then mounted on a silver backing plate inside a He 4 cryostat. For the transverse field measurements, the sample was mounted on a haematite backing plate so that any muons missing the sample did not contribute to the precessing amplitude. In these experiments, muons stopped at random positions in the vortex lattice where they precessed about the total local magnetic field B at the muon sites with frequency γ μ B/2π, where γ μ /2π = 135.5 MHz T -1
. The observed property of the experiment is the time evolution of the muon spin polarization P x (t), which is related to the distribution p(B) of fields in the sample by
where the phase results from the detector geometry. The large thermal displacements for N, D and Li, typical in these systems were constrained to be isotropic and equal. figure) within the framework of this model. This fitting procedure leads to the same value of the penetration depth given in the main paper.
